INTRODUCTION
Driven mainly by the shale gas boom, the 3D geological survey project was carried out from 2012 to 2014. The study area is a 1:250 000 scale geological quadrangle ranging from 44 o to 45 o on latitude, from 120 o to 120.5 o on longitude at the western periphery of the Songliao Basin (SB) (Fig. 1) . It is situated graphically at Jarud Banner-Ar Horqin Banner, Inner Mongolia, China, covering the middle and northern Jarud Basin (JB) largely and the Songliao Basin (SB) marginally, split by the Nenjiang-Balihan Fault. JB is a Mesozoic fault basin with volcanic cover, where the strata outcrops of Permian Linxi (LX) Formation (Fm) occur moderately. The LX Fm contains black mudstones composing rich organic matter so that it was considered as the potential source rock of shale gas (Chen, et al., 2013; Zhang, et al., 2013) .
Several geophysical studies were carried out in the greater area of JB (Lu and Xia, 1993; Fang, et al., 2013) . Lu and Xia conducted ground gravity, aeromagnetic, deep seismic sounding, long-period MT sounding and heat flow measurement along the East Ujimqin, Inner Mongolia to Donggou, Liaoning, Geoscience Transect in NE China. Their results revealed that low resistivity layers are present at 17-28 km depths of upper crust in the north of Xar Moron suture belt rather than in the south. Drop-off on both sides of Xar Moron zone reached up to 40-50 km, which reflected the lithospheric variation. Fang et al. (2013) conducted MT, gravity and magnetic surveys along sparse six NW profiles in the JB. The results revealed that the strata of LF are developed extensively in the JB, which can be divided into five structure units.
To build a 3D geological model, a wide-band MT survey was conducted. The study aims to characterize LX Fm distribution in more detail and disclose tectonic framework of the study area. Based on geological and geophysical conditions, six NW and five NE MT profiles were acquired. The MT data acquisition, processing, and analysis will be described in depth. With the aid of geological information and the well logging data, we will reveal the large geological structures and identify the strata of LX Fm in the JB. The work will provide the critical information for future assessment of shale gas.
GEOLOGICAL AND GEOPHYSICAL BACKGROUND

Geological Settings
The study area is located in the south of the Great Khingan Range, west margin of the SB, north of Xar Moron Fault tectonically (Chen, et al., 2013) as shown in Figure 1 . The approximate EW trending Linxi-Jarud Fault, Xiwuqi-Gahaitu Fault and the approximate NS trending Great Khingan Range mid-ridge Fault and Nenjiang-Balihan fault have critical impacts on the JB. The strikes of fault system in the study area are primarily NE and NW.
Based on geological mapping in Figure 2 and (Zhang, et al., 2010) comprise volcanic cap rocks (Chen, et al., 2013) . The strata of LX Fm are distributed moderately in the JB. The dark mudstones contained in LX Fm are rich in organic matters, and they are in the high-mature stage on thermal evolution (Zhang, et al., 2013) . Consequently, the LX Fm has the potential source rock of shale gas.
Geophysical Settings
We gathered regional 1:200,000 scale ground Bouguer gravity anomaly data of the study area as exhibited in Figure 3 . The wellknown NE Great Khingan Range gravity gradient zone (Yang, et al., 1996) crosses the study area as illustrated in the lower portion of Figure 3 . In the south of Lubei Town, capital of Jarud Banner, the gravity gradient zone is distorted and appear to be approximate WE trending, which indicates the complex structures in the JB.
The borehole LD1 was drilled into depth of 1.5 km and logged using numerous geophysical techniques in 2009 (Fig. 4) . Up to 18 m at depth, they are Holocene sediments. The others are the strata of LX Fm. The rock assemblage comprises dominantly black silty mudstone intercalated with muddy siltstone. The electrical log curve is partitioned into three segments along the depth. The first is from surface to 300 m, where the average resistivity is around 700 Ω · . The second is from 300 to 1080 m, where the average resistivity is 1400 Ω · . The third is from 1080 to 1300m, where the average resistivity is 7000 Ω · . The resistivity curve displays increasing trend with depth. However, in the third segment, the granitic aplites were embedded in the mudstone, whereby increasing the resistivity. As a result, the strata of LX Fm are considered to be middle-high resistivity ranging from several hundred to several thousand Ω · accordingly.
MT DATA ACQUISITION AND PROCESSING
Since the strikes of fault system in the JB are primarily NE and NW orientations, six NW and five NE profiles displayed in Figure 2 were acquired from 2012 to 2014. One profile extends old U-U' profile eastward , forming new U-U' profile. The NW profiles are approximately perpendicular to the gravity gradient zone of the Great Khingan Range. The length of each profile varies from 58 km to 136 km. The spacing among two adjacent profiles is more than 10 km. The MT data were acquired by using Phoenix V8 and V5 MTU-A and RXU instruments. A total of 926 stations were acquired in the frequency range of 0.01-320 Hz. Data were acquired at nominally every 1 km. The survey X-direction for profiles AA', BB', CC', DD' and EE' in 2012 was set along the measurement line, while the Y-direction was set perpendicular to line. The survey X-direction for profile II' in 2009 and profiles TT' and old UU' in 2010 was set on magnetic north, while the Y-direction was magnetic east. The survey X-direction for profiles FF', HH ' and LL' in 2013, GG' and MM' in 2014 was set geographic North, while the Y-direction was geographic East. In all profiles, the Z-positive direction is downward. In addition, we have obtained MT data of EDI format for TT', II' and old UU' profiles with the nominal station interval 500 m . Note that there are total of 1559 stations in eight NW and five NE MT profiles after editing.
The MT raw time-series data were filtered to remove noise, and transformed into frequency domain by Fast Fourier Transform. The Fourier coefficients were reprocessed into cross-power spectrum by using robust routines (Egbert, et al., 1986; Egbert and Livelybrooks, 1996) . After editing them, apparent resistivity ( ) and impedance phase ( ) were derived. Typical and curves are presented in Figure 5 . The site 80 on profile DD' shows that there is a moderately resistive layer in the shallow subsurface at high frequencies. The curves rise slowly until 2 Hz. After that, they start to drop off, while the divergence between the XY and the YX modes increases, indicating a deep subsurface resistivity anomaly. Qualitative insights into the variation of subsurface resistivity may be gained from and pseudo-sections.
sites and frequency range of 0.01-200 Hz were involved in the statistic estimation. It is evident that there are one dominant strike angle and its perpendicular due to the ambiguity of 90 in strike estimation which can be resolved by additional information. Since the vertical magnetic components are not of high quality, induction vectors are discounted. Gravity and geological information are referenced to determine the regional geoelectric strike. The azimuths and regional electric strikes of MT profiles are listed in Table 1 .
Now that the regional strike from the statistic enumeration were derived, the data consistency in each profile should be checked. The phase tensor skew angle β (Caldwell, et al, 2004) should be examined because it is zero in case of 2D dimensionality, and is generally nonzero in case of 3D dimensionality. The 2D skewness named by Z-S2d equalling to the absolute value of the β normalized by 90 degrees (Chen, personal communication) was adopted. For each frequency at each site, the pseudosection of 2D skewness of a representative profile DD' is presented in Figure 7 . At high frequencies (1-200Hz) , the 2D skewness shows small negligible values indicating that the subsurface is 2D. At intermediate frequencies (0.1-1Hz), the 2D skewness display small value of 0-0.2 mostly. The skew angle is in the range of 0-18 degrees. The impedance tensor in the dead band is not estimated appropriately due to weak signals. Consequently, the phase tensor skew angle is not continuous as observed in the pseudosections. At low frequencies (0.01-0.1Hz), the skew angle in the range of 0-9 degrees. Even if some skew angles surpass the 3 limit (Caldwell, et al, 2004) , they are still considered as to be quasi-2D. Note that the low frequency bound involved in the inversion for NE five profiles is 0.1Hz owing to bad data below 0.1Hz. Overall, the MT data show 2D or quasi-2D dimensionality. 
MT 2D inversion
The overall stations were rotated to the geoelectric strikes correspondingly. The stations with noisy data were removed. Static shift correction was performed manually (Sternberg, et al., 1988) . Overall, the subsurface can be regarded to be two-dimensional or quasi-2D. The apparent resistivity and phase pseudosections were generated, which can be used to check the edited data. A nonlinear conjugate gradient algorithm (Rodi, et al., 2001 ) was used to conduct 2-D inversion for TE and TM modes. After multiple iterative inversions with distinct parameters, an approximately reasonable resistivity model was chosen as the final model after L-shaped curve analysis. The inversion results were checked with sensitivity analysis and were presented in Figures 8 and 9 .
MT INTERPRETATION
The resistivity sections in Figures 8 indicate that there are numerous large faults, which control the development of basin fills and movement of depo-centers. They arise to be near station 680 on B-B' profile, near station 1140 on TT' profile, near station 550 on CC' profile, near station 1030 on UU' profile, near station 470 on DD' profile, near station 830 on II' profile, near station 470 on EE' profile. These faults constitute notable basin boundaries. In the west of them, there are large Jurassic and Cretaceous igneous cover, while in the east of them, there are large Quaternary loose sediments. Apart from the faults on the NW profiles, there are crucial faults impacting the evolution of the JB in NE profiles in Figure 9 . They are faults near station 810 on FF' profile, near station 560 on GG' profile, near stations 1030 and 550 on profile HH', near station 790 on profile LL'. These faults played significant roles on the construction of framework of the JB.
In addition to the large faults, the Mesozoic strata should be studied. Prior to strata analysis, the physical properties of more than four hundred hand samples collected in the study area were measured in the lab. The measured resistivity data and geological mapping data serve as the reference. Although the Mesozoic igneous rocks cover the NW part, their thickness is somewhat thin according to the thin layers of comparatively low-resistivity. However, they are quite thick in the SE part as they cross into the SB. Further, there are a couple of concealed Mesozoic intrusive rocks, for example, the intrusive rocks near station 310 on UU' profile.
The resistivity sections were superimposed on the regional 1:250 000 geological map, coinciding with their coordinates. The eight NW resistivity sections and the five NE sections are exhibited in Figure 10 . Note that there is a gap on profile GG' since the MT stations near the Lubei Town were not acquired due to cultural noise. The NW portions of the study area are of high resistivity at shallow subsurface, while the SE portion is of low resistivity. The resistivity characteristics match quite well with geological conditions because the NW portions are almost covered with Jurassic and Cretaceous igneous rocks, while the SE portion is mostly covered with Quaternary sediments.
Outcrops of the LX Fm were observed on profiles DD' and FF'. From the electrical log in borehole LD1, the strata of LX Fm are middle-high resistivity. Resistivity measurement in the lab showed that mudstone and slate have almost same average resistivity as around 200 Ω · , while the average resistivity of sandstone is around 2000 Ω · . From the MT resistivity models, electrical log curve and resistivity properties of hand samples, integrated with geological data, the strata of LX Fm were inferred to be present in the two Paleozoic fault sags: Hunnitu and Gadasu. They resemble closed and unclosed fences bounded largely by faults marked with solid line segments. The Depression Gadasu is situated in the middle of the study area. It extends around 43 km in WE direction, and around 32 km in NS direction with the area of rough 1400 km 2 . The depo-centre lies near station 660 on profile CC'. The upper lowresistivity are Mesozoic strata with thickness form 1~1.5 km. The lower middle-resistivity are Paleozoic strata inferred to be bearing LX Fm. The maximum burial depth of Paleozoic strata is exceeding 4 km. The Depression Hunnitu is unclosed, extending westwards and linking to the middle sag mentioned by Fang et al.( 2013) . The northeast of it lies the fracture zone (F3-1) of the Hahelin river.
The burial depth of Mesozoic igneous strata is 0.5~1km. while it is exceeding 2.5 km for Paleozoic strata. It is notable that the depthZhang, J., Bian, X.F., Chen, S.W., Zheng, Y.J., Tang, Y.J., Jiang, X.C., Gong, F.H., and Huang, X., 2013 
